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(54) INK JET RECORDER 
(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent the image quality from 
degrading by driving a piezoelectric element with an applying 
voltage varying smoothly with time based on a specified data and 
recording an image by flying ink droplets. 
SOLUTION: A head jet part drive section 105 comprises an 
inverted amplification circuit 1051, and a drive circuit 1052 
wherein an image signal Vin is amplified through the inverted 

amplification circuit 1051 to produce a signal Vn which is then ^ ^ ^M. 



passed through the drive circuit 1052 to produce a smooth drive On 1 .1 ^ | IftEfr \ <> 

signal Vout for driving a piezoelectric element. The waveform 
comprises five waveforms having different maximum amplitude of 
10 f 15, 20, 25 and 30V wherein a larger amplitude is employed for 
printing a larger dot and dots of different size are printed by 
applying driving voltage of different amplitude to the piezoelectric 
element thus representing a half tone. Since the driving voltage 
varies smoothly with time, degradation of image quality can be 
prevented. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The ink jet recording apparatus which is an ink jet recording apparatus which drive a 
piezoelectric device, and an ink droplet is made to fly from a predetermined container, and records an 
image by impressing an electrical potential difference based on predetermined data, and is characterized 
by setting up so that said electrical potential difference may be smoothly changed to time amount based 
on said data. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the ink jet recording device which drive a 
piezoelectric device, and an ink droplet is made to fly from a predetermined container about an ink jet 
recording device, and records an image. 
[0002] 

[Description of the Prior Art] Conventionally, it is in some which used the piezoelectric device for the 
printer head of an ink jet printer. With such a printer head, the ink in the space (ink channel) which 
predetermined closed is pressurized by the strain of the piezoelectric device driven by impression of an 
electrical potential difference. By pressurizing ink, an ink droplet (ink drop) flies toward a record sheet 
from the nozzle prepared in the ink channel. 

[0003] The pulse voltage of the shape of a rectangle and trapezoidal shape is known as an electrical 
potential difference conventionally impressed to such a piezoelectric device. The drop rate, the diameter 
of a drop, etc. are controlled by these pulse voltages by adjusting the magnitude of the build up time, the 
duration of pulse amplitude, falling time amount, and pulse amplitude etc. 
[0004] 

[Problem(s) to be Solved by the Invention] However, the pulse voltage of the above shape of a rectangle 
and trapezoidal shape consists of parts which change linearly to time amount. That is, the wave-like 
standup of the pulse voltage of the shape of a rectangle and trapezoidal shape, continuation of the 
amplitude, and falling all change linearly to time amount. A vibration nonsequential to a piezoelectric 
device will be caused in such linear bending parts (for example, starting an ending point, a falling start 
point, etc.). This discontinuous vibration is transmitted also to the ink in an ink channel, has a bad 
influence on flight of an ink droplet, generates noises, such as a satellite, a curve, a drop crack, and 
impact spilling, and is reducing image quality remarkably. 

[0005] Made in order that this invention might solve these troubles [ like ], the purpose is offering the 

ink jet recording device which can prevent deterioration of image quality. 

[0006] 

[Means for Solving the Problem] By impressing an electrical potential difference based on predetermined 
data, invention according to claim 1 is an ink jet recording apparatus which drive a piezoelectric device, 
and an ink droplet is made to fly from a predetermined container, and records an image, and is 
characterized by setting up so that an electrical potential difference may be smoothly changed to time 
amount based on data. 

[0007] According to invention according to claim 1, the electrical potential difference impressed to a 
piezoelectric device is set up so that it may be made to change smoothly to time amount. A 
discontinuous vibration arises in a piezoelectric device like before by this, it does not have a bad 
influence on flight of an ink droplet, and deterioration of image quality can be prevented. 
[0008] 

[Embodiment of the Invention] Hereafter, the ink jet printer 1 which is one of the examples in this 
invention is explained, referring to a drawing. 



[0009] Drawing 1 is the perspective view showing the outline configuration of the ink jet printer 1 which 
is the 1 st example in this invention. 

[0010] The record sheet 2 whose ink jet printers 1 are record media, such as a form and an OHP sheet, 
The printer head 3 which is a printer head of an ink jet method, and the carriage 4 holding the printer 
head 3, The rocking shafts 5 and 6 for carrying out both-way migration of the carriage 4 in parallel with 
the recording surface of a record sheet 2, The drive motor 7 which carries out the both-way drive of 
the carriage 4 in accordance with the rocking shafts 5 and 6, and the timing belt 9 for changing rotation 
of a drive motor 7 into the reciprocating motion of carriage and an idle pulley 8 are included. 
[0011] Moreover, the platen 10 to which an ink jet printer 1 serves as the guide plate to which a 
conveyance path is met and it shows a record sheet 2, The paper presserHbot plate 1 1 which presses 
down the record sheet 2 between platens 10, and prevents a float, The discharge roller 12 for 
discharging a record sheet 2, the spur roller 13, the recovery system 14 that the nozzle side which 
carries out the regurgitation of the ink of the printer head 3 is washed [ system ], and makes a good 
condition recover the poor ink regurgitation, and the paper feed knob 15 for conveying a record sheet 2 
manually are included. 

[0012] A record sheet 2 is sent into the Records Department where the printer head 3 and a platen 10 
counter by feed equipments, such as manual bypass or a cut-sheet feeder. Under the present 
circumstances, the rotation of the paper feed roller which is not illustrated is controlled and conveyance 
to the Records Department is controlled. 

[0013] A piezoelectric device (PZT) is used for the printer head 3 as a source of energy generation 
which makes ink fly. An electrical potential difference is impressed to a piezoelectric device, and a strain 
arises. This strain changes the volume of the channel filled with ink. Ink is breathed out by change of 
this volume from the nozzle prepared in the channel, and record to a record sheet 2 is performed by it. 
[0014] Carrying out horizontal scanning of the carriage 4 in the direction of a digit of a record sheet 2 
(direction which crosses a record sheet 2) by the drive motor 7, the idle pulley 8, and the timing belt 9, 
the printer head 3 attached in carriage 4 records the image for one line. Whenever record of one line 
finishes, a record sheet 2 is sent to a lengthwise direction, vertical scanning is carried out, and next 
Rhine is recorded. 

[001 5] The record sheet 2 which the image was recorded on the record sheet 2 in this way, and passed 
through the Records Department is discharged with the spur roller 13 by which a pressure welding is 
carried out to the discharge roller 12 arranged at the conveyance direction downstream, and this. 
[001 6] Drawing 2 - drawing 4 are drawings for explaining the configuration of the printer head 3. Drawing 
2 is the top view of the field which has the nozzle of the printer head 3, drawing 3 is the III — III line 
sectional view of drawing 2 , and drawing 4 is the IV-IV line sectional view of drawing 3 . 
[0017] The printer head 3 has the composition of having put the nozzle plate 301, the septum 302, the 
diaphragm 303, and the substrate 304 on one. 

[0018] A nozzle plate 303 consists of a metal or a ceramic, has a nozzle 307, and has a ** ionized layer 
in a front face 318. The light-gage film is used for the septum 302, and it is fixed between the nozzle 
plate 301 and the diaphragm 303. 

[0019] Moreover, between the nozzle plate 301 and the septum 302, the ink inlet 309 which connects 
with the ink supply room 308 two or more ink channels 306 with which ink 305 is held, and each ink 
channel 306 is formed. The ink supply room 308 is connected to the ink tank which is not illustrated, and 
the ink 305 in the ink supply room 308 is supplied to the ink channel 306. 

[0020] Two or more piezoelectric devices 313 corresponding to each ink channel 306 are contained in a 
diaphragm 303. A diaphragm 303 is first fixed to the substrate 304 which has the wiring section 317 with 
insulating adhesives, and processing of a diaphragm 303 is performed by forming the separate slots 315 
and 316 of dicer processing, and dividing a diaphragm 303 after that. Moreover, the piezoelectric-device 
pillar section 314 located by this fragmentation between the piezoelectric device 313 corresponding to 
each ink channel 308 and the adjoining piezoelectric device 313 and the perimeter wall 310 surrounding 
these are separated. 



[0021] The wiring section 317 on a substrate 304 has the individual electrode side wiring section 312 
connected to each piezoelectric device 313 in the common electrode side wiring section 31 1 which is 
connected to a ground and connected to all the piezoelectric devices 313 in the printer head 3 in 
common, and the printer head 3 according to an individual. The common electrode side wiring section 
311 on this substrate 304 is connected to the common electrode in a piezoelectric device 313, and the 
individual electrode side wiring section 312 is connected to the individual electrode in a piezoelectric 
device 313. 

[0022] These actuation [ like ] of the printer head 3 of a configuration is controlled by the control 
section of an ink jet printer 1. From the head regurgitation mechanical component 105 (refer to drawing 
5 ) of a control section, the predetermined electrical potential difference which is a printing signal is 
impressed between the common electrodes and individual electrodes which were prepared in the 
piezoelectric-device 313 interior, and a piezoelectric device deforms in the direction which pushes a 
septum 302. Deformation of a piezoelectric device 313 is told to a septum 302, the ink 305 in the ink 
channel 306 is pressurized by this, and an ink drop flies toward a record sheet 2 (refer to drawing 1 ) 
through a nozzle 307. 

[0023] Drawing 5 is the block diagram showing the outline configuration of the control section of an ink 
jet printer 1. 

[0024] The control section of an ink jet printer 1 contains CPU101, RAMI 02 and ROM103, the data 
receive section 104, the head regurgitation mechanical component 105, the head migration mechanical 
component 106, the paper feed mechanical component 107, the recovery system motorised section 108, 
and the various sensor sections 109. 

[0025] CPU101 which controls the whole performs the program memorized by ROM103 using RAMI 02 if 
needed. Receive the image data which connects with a host computer etc. and should be recorded on 
this program. The part for controlling the head regurgitation mechanical component 105, the head 
migration mechanical component 106, the paper feed mechanical component 107, and the various sensor 
sections 110, and recording an image on a record sheet 2 based on the image data read from the data 
receive section 104, When required, the part for controlling the recovery system motorised section 108 
and the various sensor sections 109, and making a good condition recover the nozzle side of the printer 
head 3 is contained. 

[0026] Based on control of CPU 101, the head regurgitation mechanical component 105 drives the 
piezoelectric device 313 of the printer head 3, the head migration mechanical component 106 drives the 
drive motor 7 made to move the carriage 4 holding the printer head 3 in the direction of a digit, and the 
paper feed mechanical component 107 drives a paper feed roller. Moreover, based on control of CPU101, 
the recovery system motorised section 108 drives a motor required in order to make a good condition 
recover the nozzle side of the printer head 3 etc. 

[0027] Next, the wave of the pulse voltage impressed to the piezoelectric device 313 of the printer head 
3 by this head regurgitation mechanical component 105 is explained. 

[0028] Drawing 6 - drawing 9 are drawings for explaining the driver voltage impressed to a piezoelectric 
device 313 by the above-mentioned outline configuration of the head regurgitation mechanical 
component 105 and the above-mentioned head regurgitation mechanical component 105. 
[0029] Drawing 6 is a block diagram for explaining the outline configuration of the head regurgitation 
mechanical component 105. The head regurgitation mechanical component 105 consists of inversed 
amplification 1051 and a drive circuit 1052. After the picture signal Vin inputted into the head 
regurgitation mechanical component 105 is amplified by inversed amplification 1051 at Signal Vn, it 
serves as the electrical potential difference Vout for driving a piezoelectric device 313, and is outputted 
by the drive circuit 1052. 

[0030] Drawing 7 is the circuit diagram showing the inversed amplification 1051 of drawing 6 , and 
drawing 8 is the circuit diagram showing the drive circuit 1052 of drawing 6 . After being amplified by 
inversed amplification 1051 at Signal Vn, the picture signal Vin as shown in drawing 7 serves as the 
driver voltage Vout of a smooth configuration as shown in drawing 8 by the drive circuit 1052, and is 



outputted. 

[0031] the wave of the driver voltage Vout of the piezoelectric device 313 outputted from the drive 
circuit 1052 which shows drawing 9 to drawing 8 — it is drawing showing 1. 
[0032] Wave 1 consists of five waves from which maximum amplitude differs, and it arranges and 
displays electrical-potential-difference impression start time on the coordinate which makes an axis of 
ordinate an electrical potential difference, and makes an axis of abscissa the time amount from 
electrical-potential-difference impression initiation for these waves. Such wave-like maximum amplitude 
is set to 10, 15, 20, 25, and 30 [V] from a thing with the small magnitude at order. Moreover, in these 
waves, the thing which has the big amplitude prints the dot of a big path, the dot from which magnitude 
differs by impressing the driver voltage from which magnitude differs in a piezoelectric device is printed, 
and halftone is expressed. 

[0033] Five wave-like electrical-potential-difference values from which the maximum amplitude of wave 
1 differs change smoothly, without each changing rapidly to time amount, more — detailed — the 
electrical-potential-difference value in these waves — starting — if inclination is raised gradually and 
the maximum electrical potential difference is approached, inclination will be lowered, and as it is, 
lowering inclination and lowering inclination gradually without keeping an electrical potential difference 
constant, after setting inclination to 0 and becoming the maximum electrical potential difference, on the 
maximum electrical potential difference, it changes so that it may return to the electrical-potential- 
difference value 0. such a wave — 1 is formed only with the curve from which the whole changes 
smoothly excluding a straight-line part. This effectiveness is explained with the driver voltage impressed 
to the piezoelectric device in a printer head in the ink jet printer which are the 2nd - the 7th example. 
[0034] Below the driver voltage impressed to the piezoelectric device in the printer head in the ink jet 
printer which are the 2nd - the 7th example is explained, and such effectiveness is explained to it. 
[0035] Drawing 10 is drawing showing the drive circuit of the piezoelectric device of the ink jet printer 
which is the 2nd example. This drive circuit shown in drawing 10 is equivalent to the drive circuit 1052 
of the ink jet printer 1 of the 1st example explained by drawing 8 . The signal Vn of the shape of a 
rectangle as shown in drawing 10 serves as the half-ellipse-like driver voltage Vout, and is outputted. 
[0036] The whole printer configuration of those other than the drive circuit of the piezoelectric device 
of the ink jet printer which is the 2nd example, the configuration of a printer head, the configuration of a 
control section, etc. are the same as that of the Inkjet printer 1 of the 1st example. 
[0037] the wave of the driver voltage of the piezoelectric device outputted from the drive circuit which 
shows drawing 11 to drawing 10 — it is drawing showing 2. 

[0038] Wave 2 consists of five waves from which maximum amplitude and pulse width differ, and it 
arranges and displays electrical-potential-difference impression start time on the coordinate which 
makes an axis of ordinate an electrical potential difference, and makes an axis of abscissa the time 
amount from electrical-potential-difference impression initiation for these waves. Such wave-like 
maximum amplitude is set to 5, 10, 15, 20, and 25 [V] from a thing with the small magnitude at order, 
moreover — these waves — a wave — like 1, the thing which has the big amplitude prints the dot of a 
big path, the dot from which magnitude differs by impressing the driver voltage from which magnitude 
differs in a piezoelectric device is printed, and halftone is expressed, furthermore, a wave — 1 — the 
same — a wave — five wave-like electrical-potential-difference values from which the maximum 
amplitude of 2 differs are configurations which change smoothly, without each changing rapidly to time 
amount, and are half-ellipses-like. 

[0039] Wave 3- wave 7 of the driver voltage of the piezoelectric device in the ink jet printer which is the 
example of this invention which uses and shows drawing 12 - drawing 14 below is made to correspond to 
the wave of the driver voltage of the piezoelectric device in the ink jet printer of the 3rd - the 7th 
example in order, respectively. The whole printer configuration of those other than the drive circuit of 
the piezoelectric device of the ink jet printer of the 3rd - the 7th example, the configuration of a printer 
head, the configuration of a control section, etc. are the same as that of the ink jet printer of the 1st 
and 2nd example. 



[0040] Moreover, although the ink jet printer of the 3rd - the 7th example has a drive circuit as shown in 
drawing 8 and drawing 10 like the ink jet printer of the 1st and 2nd example, it omits explanation about 
these. 

[0041] Hereafter, wave 3- wave 7 is explained, drawing 12 — the wave of the driver voltage of a 
piezoelectric device — drawing showing 3 — it is — drawing 13 — a wave — 4 and a wave — 5 and a 
wave — it is drawing showing 6. wave 3 — a wave — from five waves from which maximum amplitude 
and pulse width differ like 2 — becoming — these waves — a wave — 1 and a wave — it displays like 2. 
Moreover, although two or more waves are included like [ each / of wave 4- wave 6 ] wave 1- wave 3, it 
shall display [ these ] only about what has the biggest maximum amplitude. Wave 3 is a semicircle-like, 
wave 4- wave 6 has two or more crests and troughs, and the inclination is a configuration which 
changes continuously and continues smoothly, wave 4 — the maximal value, the minimal value, the 
maximal value, and three extremal value — containing — a wave — 5 — the maximal value, the minimal 
value, the maximal value, the minimal value, and four extremal value — containing — a wave — 6 
includes the maximal value, the minimal value, the maximal value, the minimal value, the maximal value, 
and five extremal value. Also in which wave of wave 3- wave 6, an electrical-potential-difference value 
changes smoothly, without changing linearly to time amount rapid again. In addition, in the driver voltage 
which has a wave with six or more extremal value, since drive frequency cannot be set to 2kHz or more, 
printing speed is inferior practically. 

[0042] drawing 14 — the wave of the driver voltage of a piezoelectric device — it is drawing showing 7. 
Wave 7 contains the Maine pulse voltage 51 and the sub pulse voltage 52. The Maine pulse voltage 51 is 
impressed to a piezoelectric device corresponding to the picture signal Vin shown in drawing 6 , and the 
sub pulse voltage 52 is impressed to a piezoelectric device, in order to control the shake of the ink in 
the ink channel produced by impression of the Maine pulse voltage 51. Also in wave 7, an electrical- 
potential-difference value changes smoothly, without changing rapidly to time amount. 
[0043] Next, the effectiveness by impressing the driver voltage which has wave 1- wave 7 to a 
piezoelectric device is explained. 

[0044] When drawing 15 impresses the driver voltage which has wave 1- wave 8 to a piezoelectric 
device, it is drawing showing the evaluation to printing by the ink drop breathed out from this 
piezoelectric device. About printing here, maximum amplitude of wave 1- wave 7 is set to 20 [V], and 
makes a wave-like configuration **** [ each ]. 

[0045] in order to compare with drawing 1 5 with printing by these waves further — a wave — the 
evaluation to printing by 8 is shown. Wave 8 is the wave of the driver voltage impressed to a 
piezoelectric device with the conventional ink jet printer, and it is the square wave of pulse width 20 
[musec] and pulse amplitude 20 [V]. 

[0046] It was performed these printing changing the frequency which drives a piezoelectric device to 2 
[kHz] units 2-10 [kHz], and evaluated a satellite, a curve, a drop crack, impact spilling, and five items of 
responsibility to printing of 100 dots to drive frequency. 

[0047] Here, a satellite is that flight of the ink drop corresponding to the diameter of a printing dot is 
accompanied by generating of a small ink drop, and a curve is that the direction where an ink drop flies 
swerves. Moreover, a drop crack is that the tip of the ink drop which flies is divided into two, and impact 
spilling is splashing a fine ink drop after an ink drop's reaching a record sheet. These are an image by 
high-speed speed light photography and video photography, and evaluation to printing after adhering to 
the recording paper. Furthermore, when responsibility changes drive frequency, it shows the range of the 
frequency which it is [ frequency ] satisfactory practically to four above-mentioned items, and can 
operate a piezoelectric device. 

[0048] About each item, it shall be shown that these did not generate notation O in drawing 15 , and 
notation O shall show that these generating was less than 2%. Moreover, as for notation **, these 
generating shall show that it was 2-10% about each item, and notation x shall show that these 
generating was 10%. 

[0049] It shall mean that notation O and notation O are satisfactory in printing about all, and shall mean 



that notation ** and notation x have a problem practically in printing. 

[0050] the wave which is wave 1- wave 7 and the example of a comparison which are this example 
shown in drawing 15 — the evaluation to printing by 8 is referred to. 

[0051] a satellite — a wave — although it was evaluation x in 8, in wave 1- wave 7, these improve 
completely to evaluation O. a curve — a wave — although it was evaiuation O in 8, in wave 1- wave 7, 
these improve completely to evaluation O. 

[0052] a drop crack — a wave — although it was evaluation x in 8 — a wave — in 1 and wave 4- wave 
6, these improve completely to evaluation O — having — **** — a wave — 2 and a wave — 3 and a 
wave — even the level in which 7 does not have a problem practically to evaluation O improves, 
moreover — impact spilling — a wave — although it was evaluation ** in 8 — a wave — in 1 and wave 
4- wave 6, these improve completely to evaluation O — having — **** — a wave — 2 and a wave — 3 
and a wave — even the level in which 7 does not have a problem practically to evaluation O improves. 
[0053] furthermore — responsibility — a wave — the wave which has a subpulse although it is below 2 
[kHz] and the shake of the ink in an ink channel was not bad settled in 8 — more than 10 [kHz] and a 
very good result are shown, and the good results are indicated to be 2-10 [kHz] also by wave 1- wave 6 
7 e 

[0054] In the driver voltage of a piezoelectric device which has the above wave 1- wave 7, the 
electrical-potential-difference value changes smoothly to time amount. A discontinuous vibration arises 
in a piezoelectric device like before by this, it does not have a bad influence on flight of an ink drop, and 
deterioration of image quality can be prevented. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the perspective view showing the outline configuration of the ink jet printer 1 which is 
the 1st example in this invention. 

[Drawing 2] It is the top view of the field which has the nozzle of the printer head 3 for explaining the 
configuration of the printer head 3. 

[Drawing 3] It is the III — III line sectional view of drawing 2 . 
[Drawing 4] It is the I\MV line sectional view of drawing 3 . 

[Drawing 5] It is the block diagram showing the outline configuration of the control section of an ink jet 
printer 1. 

[Drawing 6] It is a block diagram for explaining the outline configuration of the head regurgitation 
mechanical component 105. 

[Drawing 7] It is the circuit diagram showing the inversed amplification 1051 of drawing 6 . 
[Drawing 8] It is the circuit diagram showing the drive circuit 1052 of drawing 6 . 

[Drawing 9] the wave of the driver voltage Vout of the piezoelectric device 313 outputted from the drive 
circuit 1052 shown in drawing 8 — it is drawing showing 1. 

[Drawing 10] It is drawing showing the drive circuit of the piezoelectric device of the ink jet printer 
which is the 2nd example. 

[Drawing 11] the wave of the driver voltage of the piezoelectric device outputted from the drive circuit 
shown in drawing 10 — it is drawing showing 2. 

[Drawing 12] the wave of the driver voltage of a piezoelectric device — it is drawing showing 3. 
[Drawing 13] the wave of a piezoelectric device — 4 and a wave — 5 and a wave — it is drawing 
showing 6. 

[Drawing 14] the wave of the driver voltage of a piezoelectric device — it is drawing showing 7. 
[Drawing 15] When the driver voltage which has wave 1- wave 8 is impressed to a piezoelectric device, 
it is drawing showing the evaluation to printing by the ink drop breathed out from this piezoelectric 
device. 

[Description of Notations] 
1 Ink Jet Printer 
3 Printer Head 

105 Head Regurgitation Mechanical Component 

305 Ink 

306 Ink Channel 

307 Nozzle 

313 Piezoelectric Device 

1051 Inversed Amplification 

1052 Drive Circuit 
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